Expression of an Xist promoter-luciferase construct during spermatogenesis and in preimplantation embryos: regulation by DNA methylation.
Dosage compensation for X-linked genes in mammals is accomplished by inactivating one of the two X chromosomes in females, a process involving a regulatory gene, Xist (X-inactive specific transcript). Xist maps to the X-inactivation centre and is expressed from the inactive X chromosome in female somatic cells and at the time of X inactivation during spermatogenesis in the male. In female preimplantation embryos, Xist demonstrates imprinting in that the paternal allele inherited from the sperm is preferentially expressed. This preferential paternal Xist expression is correlated with paternal X inactivation in the extraembryonic lineages at the blastocyst stage. We have analysed a 233-bp Xist promoter fragment (nt -220 to +13) for its ability to direct appropriate expression and its regulation by DNA methylation. This minimal promoter sequence directs expression of the luciferase reporter gene following injection of the construct into one-cell embryos. In vitro methylation of the construct before injection represses transcription. In six different transgenic lines, expression of the Xist promoter-luciferase transgene occurs only in the testis of the males (as for the endogenous Xist gene). The testis-specific expression is correlated with hypomethylation of the transgene, although to different extents in different lines. Following paternal transmission, expression of the Xist promoter-luciferase construct in preimplantation embryos is correlated with degree of hypomethylation in the testis and the degree of hypomethylation of the transgene in embryos at the morula stage. It is concluded that the patterns of methylation of the transgene in sperm (and in microinjected transgenes) can regulate the activity of the Xist promoter in the preimplantation embryo and thus support the hypothesis that gametic methylation patterns govern imprinted expression of the endogenous Xist gene in development.